Induced pulsation of a continuous-flow total artificial heart in a mock circulatory system.
We studied the hemodynamic effects of inducing an artificial pulse in a continuous-flow total artificial heart consisting of 2 axial-flow pumps in a mock circulatory system. We varied the amplitude (maximum minus minimum speed), beat rate and systolic duration of the left pump, right pump or both. Mean left and right pump speeds were maintained at 11 and 8 krpm, respectively. Flow rates and arterial and filling pressures were measured in the systemic and pulmonary portions of the mock circulation. Pulse pressure, pulse flow, pulsatility index and surplus hemodynamic energy (SHE) were calculated. The percent change in mean left atrial pressure (LAP) during each induced pulsatility condition was compared with that observed during continuous flow. Systemic pulse pressures of 17 to 61 mm Hg were attained when the left pump was pulsed, regardless of right pump pulsatility settings. The pulse pressure was directly related to the systolic duration and inversely related to the left pump beat rate. SHE ranged from 0.1 to 3.0 mm Hg, and its changes were comparable to those in pulse pressure. The LAP was reduced by left pump pulsation, but a maximal reduction (<or=77%) relative to continuous flow was achieved when the two pumps were copulsed or counterpulsed at a slow rate (10 bpm). This approach provided maximal flow pulsatility and an adequate reduction in LAP, which may be elevated in recipients of a cardiac replacement device. Further bench and in vivo experiments are needed to assess pump synchronization modes.